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Background.
 
Taste and smell losses occur with aging. These changes may decrease the enjoyment of food and may
subsequently reduce food consumption and negatively influence the nutritional status of elderly persons, especially
those who are frail. The objective of this study was to determine if the addition of flavor enhancers to the cooked meals
for elderly residents of a nursing home promotes food consumption and provides nutritional benefits.
 
Methods.
 
We performed a 16-week parallel group intervention consisting of sprinkling flavor enhancers over the
cooked meals of the “flavor” group (
 
n
 
 
 
5
 
 36) and not over the meals of the control group (
 
n
 
 
 
5
 
 31). Measurements of in-
take of the cooked meals were taken before and after 8 and 16 weeks of intervention. Appetite, daily dietary intake, and
anthropometry were assessed before and after the intervention.
 
Results.
 
On average, the body weight of the flavor group increased (
 
1
 
1.1 
 
6
 
 1.3 kg; 
 
p 
 
,
 
 .05) compared with that of
the control group (
 
2
 
0.3 
 
6
 
 1.6 kg; 
 
p
 
 
 
,
 
 .05). Daily dietary intake decreased in the control group (
 
2
 
485 
 
6
 
 1245 kJ; 
 
p
 
 
 
,
 
.05) but not in the flavor group (
 
2
 
208 
 
6
 
 1115 kJ; 
 
p
 
 
 
5
 
 .28). Intake of the cooked meal increased in the flavor group
(133 
 
6
 
 367 kJ; 
 
p 
 
,
 
 .05) but not in the control group (85 
 
6
 
 392 kJ). A similar trend was observed for hunger feelings,
which increased only in the flavor group.
 
Conclusion.
 
Adding flavor enhancers to the cooked meals was an effective way to improve dietary intake and body
weight in elderly nursing home residents.
 
NADEQUATE dietary intake is often observed in elderly
nursing home residents (1,2). Accordingly, this popula-
tion is highly at risk of developing undetected malnutrition
and nutritional deficiencies. This malnutrition contributes to
a reduced quality of life and leads to an impaired health sta-
tus often called frailty (3–7).
Taste and smell losses occur with aging (8) and may in-
fluence the enjoyment of food and thereby affect the nutri-
tional intake of older adults. Most studies on taste and aging
have focused on taste acuity and sensitivity rather than on
hedonic preference. Aging is associated with an increase in
taste and smell thresholds, and elderly subjects when blind-
folded had about one half the ability of young subjects to
recognize blended foods (9). Many studies on preferences
indicate that elderly subjects would prefer higher concentra-
tions of stimuli for solutions of sucrose, sodium chloride,
and citric acid than younger subjects do (10,11). The studies
demonstrated that elderly subjects prefer a higher level of
tastants but failed to associate this preference to a higher
consumption of foods containing these tastants (12,13).
These age-related deficits in taste and smell may decrease
food consumption and probably contribute to negative
changes in eating behavior (14–17). Few studies have ex-
plored the relationship between sensory impairment, he-
donic response, and altered food intake in elderly persons
(12). Recently, de Jong and colleagues (18) demonstrated
that a poor appetite is related to a loss of sensory perception,
but they could not show an effect on intake. Also, Schiff-
man and Warwick (19) observed no changes in dietary in-
take of elderly subjects after 3 weeks of consuming flavor-
enhanced foods, although they did observe an improved im-
mune function and grip strength. Reasons for not finding an
effect on dietary intake might be the reliability of the dietary
methods and the short duration of the observation periods.
Our objective was to determine whether the addition of
flavor enhancers to the cooked meals over 16 weeks would
lead to an increase in food consumption and thereby provide
nutritional benefits to elderly nursing home residents.
 
M
 
ETHODS
 
Subjects and Setting
 
The study was conducted at the nursing home “Rusten-
burg,” Wageningen, The Netherlands. Participants were se-
lected using the following criteria: being older than 65 years
of age, having no known dementia or residing in a somatic
ward (20), having no known depression, having no disease
in terminal phase, having no allergy to monosodium
glutamate (MSG), already residing in the nursing home for
more than 3 months, and consuming the cooked meal pro-
vided by the nursing home kitchen at lunchtime at least 5
days per week. Seventy-one residents were enrolled in the
study. The study protocol was approved by the Medical Eth-
ical Committee of the Division of Human Nutrition & Epi-
demiology, Wageningen University.
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Design and Procedure
 
A parallel group-intervention design was applied. The in-
tervention consisted of adding flavor enhancers to the main
dish of the cooked meals of the flavor group but not to the
meals of the control group. The study was conducted for a
period of 17 weeks: a week of run-in period and an experi-
mental period of 16 weeks. After the baseline measure-
ments, subjects were randomly assigned to be in the control
group (
 
n
 
 
 
5
 
 34) or the flavor group (
 
n
 
 
 
5
 
 37).
Anthropometry and appetite data were assessed before
and at the end of the intervention period. Dietary intake data
were collected before the trial, after 8 weeks, and at the end
of the trial. Compliance (i.e., consumption of the served
meal) was checked daily during the 16 weeks by keeping
records of meal orders and deliveries (Table 1).
 
Flavor Enhancers
 
Four flavor powders were available to enhance the
cooked meal (Table 2): chicken flavor, beef bouillon flavor,
turkey flavor, and lemon butter (fish) flavor (IFF BV, Hil-
versum, The Netherlands). The choice of the added flavor
was determined by the nature of the protein-rich meal com-
ponent and by the cooking process. Flavors were sprinkled
just before meal delivery with a spice shaker over the whole
main dish including the carbohydrate-rich components and
the vegetables. The amount sprinkled per dish was 1 
 
6
 
 0.2
g of flavor powder.
 
M
 
EASUREMENTS
 
Anthropometry
Body weight.—
 
Patients’ body weight, as an index of the
nutritional status before and after the study, was measured
before breakfast and after voiding to the nearest 0.5 kg
(Seca weighing scale, Hamburg, Germany), with subjects
dressed in lightweight clothing and without shoes.
 
Knee height.—
 
The knee-to-floor height (KFH) was mea-
sured twice by a single trained observer with a stadiometer in
a sitting position, from the anterior surface of the thigh to the
floor with the ankle and the knee each flexed at a 90
 
8
 
 angle
against the metallic help. Body height was derived using the
formula height (in cm) 
 
5
 
 3.16 
 
3
 
 KFH (in cm).
 
Dietary Intake
 
Total daily dietary intake data were collected using a
combination of a 3-day record and weighing-back methods
before and at the end of the intervention. Bread-based meal,
snack, and beverage consumption was recorded in individ-
ual food diaries and checked by interviews with a trained di-
etician. Portion sizes were derived from a Dutch table of
regular food portion sizes and household units (22).
Dietary intake at the cooked meal was assessed with a
3-day weighing-back method before the intervention. On
the basis of the information on the day-to-day variation, a
7-day weighing-back method was used after 8 and 16 weeks
(23). This enabled us to detect a mean difference of at least
70 kJ. Individual menus and recipes for the measurement
days were obtained from the kitchen. Food consumption
was then registered by keeping records of amounts served
and weighing waste after the meal.
Dietary data were converted into nutrients using the
Dutch food composition table (24).
 
Appetite, Hunger Feelings, and Sensory
Perception Questionnaire
 
Subjects responded to a 29-item questionnaire about
their feelings of hunger, appetite, and their taste and smell
perception (18). After reading the questions together with
an interviewer, subjects responded to the questions using a
5-point scale. A higher score corresponded to a more posi-
tive feeling of their sensory perception, a better appetite,
and more feelings of hunger. Five variables were calcu-
lated: present taste perception, 8 items; present smell per-
ception, 3 items; present smell perception compared with
the past, 3 items; appetite, 6 items; and daily feelings of hun-
ger, 9 items.
 
Geriatric Depression Scale
 
The geriatric depression scale (GDS) (25), used to assess
the depression status of the subjects, consisted of 15 items
to be answered ”yes” (1) or ”no” (0). The answers of each
participant were summed to obtain a score, with each score
above 5 indicating a depressive status.
 
Data Analyses
 
Only data of subjects completing the study were ana-
lyzed. Means 
 
6
 
 standard deviations (
 
SD
 
) of baseline and
absolute changes were calculated for the outcome variables
 
Table 1. Experimental Schedule Followed During the Study
 
Week
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Experimental periods Run in Intervention: Control group (no flavors) and flavor group (with added flavors)
Measurements
Dietary intake at the cooked meal X X X
Total daily dietary intake X X
Anthropometry X X
AHSP questionnaire X X
GDS X
Compliance X X X X X X X X X X X X X X X X X
 
Note
 
: AHSP 
 
5
 
 appetite, hunger, and sensory perception; GDS 
 
5
 
 geriatric depression scale.
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per group. Changes were compared with an unpaired 
 
t
 
 test
for differences between groups or with a paired 
 
t
 
 test for dif-
ferences within groups. A 
 
p
 
 value 
 
#
 
 .05 was considered sta-
tistically significant. Data were analyzed using the SAS pro-
gram (26).
 
R
 
ESULTS
 
Subjects
 
Sixty-seven out of seventy-one subjects completed the
study. Dropouts were patients who failed in completing the
study because of death (1 subject), relocation (1 subject), or
personal reasons (2 subjects). Data on dietary intake and
body weight could be obtained from all subjects. We also
had results on appetite feelings and depression from 42 sub-
jects who were capable of understanding and answering the
different questionnaires.
Resident characteristics were similar for both groups at
the start of the study (Table 3). Groups were comparable
with respect to diseases and treatments and used medica-
tions mainly prescribed for cardiovascular disorders, pain,
or digestive track disorders. No differences in depression
status were observed at baseline between the two groups,
with a mean score of 3.2 indicating that participants were
not depressed. Compliance was high with, on average, 111
of 114 days (98%) of consumption of the cooked meal.
 
Anthropometry
 
Groups were comparable with respect of mean body
weight, body mass index (BMI), and energy intake before
the study (Table 4). As shown in Table 4, mean body weight
increased during the intervention in the experimental group
(1.1 
 
6
 
 1.3 kg; 
 
p
 
 
 
,
 
 .001) but remained stable in the control
group (
 
2
 
0.4 
 
6
 
 1.6 kg; 
 
p
 
 
 
5
 
 .37). Changes between groups
differed significantly (
 
p
 
 
 
,
 
 .001). Figure 1 shows the per-
centage of subjects with stable body weight or losing or
gaining weight over the 16-week period.
 
Daily Dietary Intake
 
Table 4 presents the daily dietary intake at baseline and
absolute changes after 16 weeks of intervention. In both
groups energy intake, on average, was low (5969 
 
6
 
 1641 kJ
for the control group and 5821 
 
6
 
 1449 kJ for the flavor
group) and below the mean Dutch requirement for elderly
persons (7.8 MJ/d). As expressed per unit of body weight,
dietary intake was also lower than the recommended intake
(120 kJ/kg body weight) with 91 
 
6
 
 31 kJ/kg body weight
for the control group and 86 
 
6
 
 3.0 kJ/kg body weight for
the flavor group. Percentage of energy provided by fat, car-
bohydrates, and protein were similar in both groups with
36%, 46%, 17%, and 1% for fat, carbohydrate, protein, and
alcohol, respectively.
After the 16-week intervention, energy intake of the con-
trol group declined (
 
2
 
485 
 
6
 
 1245 kJ; 
 
p
 
 
 
5
 
 .03), whereas it
remained relatively stable (
 
2
 
208 
 
6
 
 1115 kJ; 
 
p
 
 
 
5
 
 .28) in the
flavor group. A similar trend was observed for intake ex-
pressed per unit of body weight. Percentage of daily energy
intake provided by fat (
 
2
 
2%; 
 
p
 
 
 
,
 
 .05) declined in the con-
trol group, whereas the energy provided by other macronu-
trients remained unchanged. No changes occurred in the fla-
vor group regarding the contribution of macronutrient to the
daily energy intake.
 
Table 2. Ingredients for 100 g of Ready-to-Use Flavor Product
 
Chicken
Flavor
Beef Bouillon 
Flavor
Turkey
Flavor
Lemon Butter
(Fish) Flavor
Protein 1 1 1 2
Fat 8 4 10 7
Sugars/starch 58 61 58 59
Salt
 
,
 
1
 
,
 
1
 
,
 
1
 
,
 
1
MSG 30 30 28 31
Others
 
,
 
2
 
,
 
3
 
,
 
2
 
,
 
1
 
Notes
 
: Values are grams. MSG 
 
5
 
 monosodium glutamate. Sugars/starch is
mainly lactose; others refers to free-flowing agents and acids.
 
Table 3. General Baseline Characteristics of the Elderly Subjects 
Who Completed the Study
 
Variable
Control Group
(
 
n
 
 
 
5
 
 31)
Flavor Group
(
 
n
 
 
 
5
 
 36)
Age
 
†
 
83.0 (5.5) 84.6 (6.1)
Gender (male/female) 6/25 7/29
Living with spouse 4 10
Dentures, %
Complete 13 9
Partial 74 83
None 13 8
Smoking behavior, %
No smoking 84 92
Smoking 16 8
Medicine uses, mean number/day
 
†
 
2.1 (1.6) 2.1 (1.8)
Restrained physical mobility, % use
Wheel chair 7 11
Walking frame 42 36
GDS score
 
†
 
3.2 (2.8)
 
‡
 
3.2 (2.4)
 
§
 
Note
 
: GDS 
 
5
 
 geriatric depression scale.
 
†
 
Mean (
 
SD
 
).
 
‡
 
n
 
 
 
5
 
 18.
 
§
 
n
 
 
 
5
 
 24.
 
Table 4. Anthropometry and Daily Dietary Intake Characteristics 
and Changes after the Intervention
 
Variable
Control Group
(
 
n
 
 
 
5
 
 31)
Flavor Group
(
 
n
 
 
 
5
 
 36)
Body weight (kg) at baseline 69.0 (17.0) 72.0 (17.5)
Absolute changes
 
‡
 
2
 
0.3 (1.6) 1.1 (1.3)*
 
,†
 
Calculated height, cm
 
§
 
160.0 (10.6) 157.6 (12.1)
BMI, kg/m
 
2
 
28.1 (7.0) 28.4 (7.1)
Daily energy intake at baseline, kJ 5969 (1641) 5821 (1449)
Absolute changes
 
‡,
 
i
 
2
 
485 (1245)*
 
2
 
208 (1115)
Energy (kJ)/weight (kg) at baseline 91 (31) 86 (30)
Absolute changes
 
‡,
 
i
 
2
 
8 (4)*
 
2
 
5 (17)
 
Note
 
: BMI 
 
5 body mass index.
*Significant difference in changes within one group between the start and
end of the intervention period (p # .05).
†Significant difference in changes between groups between the start and end
of the intervention period (p , .05).
‡Absolute changes after 16 weeks of intervention.
§Derived from Berkhout (21).
iControl (n 5 29) and intervention (n 5 35).
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When body weight variation after 16 weeks was related to
changes in daily dietary intake, positive associations were
found for changes in daily energy (Pearson r 5 .345, p 5
.04) and fat intake (Pearson r 5 .407, p 5 .01) in the flavor
group. Such correlations were not found in the control group.
Dietary Intake of the Cooked Meal
Dietary intake of the cooked meal and absolute changes
after 8 and 16 weeks of intervention are shown in Table 5.
Intake of energy, carbohydrate, and fat increased in the fla-
vor group after the 16-week intervention. In the control
group, little change was also observed for the carbohydrate
intake. In both groups, intake of vitamins and minerals re-
mained stable (data not shown).
Appetite, Hunger Feelings, and Sensory 
Perception Questionnaire
Table 6 presents mean scores and absolute changes of the
Appetite, Hunger Feelings, and Sensory Perception ques-
tionnaire. No differences were observed between the scores
at baseline. After 16 weeks of intervention, higher scores
were observed in the flavor group for daily feelings of hun-
ger and present smell perception. Changes in daily feelings
of hunger in the flavor group differed from those in the con-
trol group.
DISCUSSION
Results of this intervention study showed three major
findings after 16 weeks: (i) Repeated consumption of a fla-
vor-enhanced cooked meal led to an increase in dietary in-
take at this meal and a stable daily dietary intake; (ii) in-
creased body weight was noticeable after consumption of a
flavor-enhanced cooked meal; and (iii) repeated consump-
tion of flavor-enhanced foods resulted in increased daily
feelings of hunger.
These findings are in agreement with previous studies
(9,19,27,28), suggesting that adding flavor enhancers might
improve appetite and dietary intake in an elderly population.
Until now no study has shown an increase in actual food in-
take. We assume that the 16-week intervention was long
enough to establish acceptance and preferences for the fla-
vor-enhanced foods and that these preferences would be re-
flected by a rise in energy intake. This might not have been
the case in shorter studies.
Daily energy intake was relatively stable in the flavor
group, whereas a decrease of about 0.4 MJ occurred in the
control group. At first sight, this finding is not in line with
the observed increase in body weight in the experimental
group and the relatively stable weight in the control group.
However, from other studies it is well known that the assess-
ment of food intake gives lower intake values with repeated
measurements (29). Therefore, we believe that the values ob-
tained at the end of the experiment are underestimates. Be-
sides, a significant correlation between changes in daily in-
take and body weight variation was observed and implies
that energy intake actually increased in the flavor group. We
assume that measured differences in mean body weight give
a better assessment of the overall changes in cumulative dif-
ferences in energy intake over a 16-week period.
Changes in dietary intake at the cooked meal are likely to
be the result of an increased enjoyment of food. This hy-
pothesis was confirmed by an increase in energy intake of
the cooked meal in the flavor group. Because intake data of
the cooked meal are derived from repeated measures for 7
days, we believe that we have a good picture of intake of the
cooked meal.
The rather high BMI suggests a well-nourished popula-
tion (30). However, interpretation of BMI in elderly persons
should be more liberal than in younger adults. First, elderly
persons shrink, so their measured body height is somewhat
underestimated (31). Second, BMI is not related to the pres-
ence of diseases. On the contrary, attention should be paid
to weight because it is one of the major risk factors for mor-
bidity in this population considered as accelerated agers
(2,3). Our results indicate that consumption of food with en-
hanced chemosensory properties could provide nutritional
Figure 1. Distribution (%) of elderly nursing home elderly losing or
gaining weight over the 16-week period (control [h] n 5 31 and flavor
[ ] n 5 36).
Table 5. Energy and Macronutrient Intake of Elderly Nursing Home Residents at the Cooked Meal
Control Group (n 5 31) Flavor Group (n 5 36)
Variable Before Change 0–8† (n 5 30) Change 0–16‡ Before Change 0–8† Change 0–16‡
Energy, kJ 1880 6 657 124 6 366 85 6 392 1907 6 560 87 6 380 133 6 367*
Protein, g 25 6 8 2 6 6 1 6 6 27 6 8 0 6 6 0 6 5
Carbohydrate, g 41 6 15 3 6 10 3 6 10* 43 6 13 0 6 11 3 6 9*
Total fat, g 20 6 9 1 6 6 0 6 7 19 6 7 2 6 6* 2 6 7*
*Significant difference in changes within group as compared to a given time ( p # .05).
†Changes observed after 8 weeks as compared with baseline.
‡Changes observed after 16 weeks as compared with baseline.
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benefits in this population and help to prevent weight loss.
These observations should be further confirmed with data
on body composition and biochemical indices. A long-term
assessment of body weight would be necessary to verify
that the gain in body weight remains stable and does not de-
crease as soon as the intervention is stopped.
The use of flavor enhancers has been suggested to com-
pensate for diminished chemosensory functioning that con-
tributes to impaired control of appetite in elderly persons,
or the so-called anorexia of aging (32,33,39). Flavor en-
hancement could restore the hedonic functions of food and
thereby promote a partial reestablishment of the original at-
titude and behavioral response of this population toward
food intake (28,34).
Previous studies suggest that the consumption of flavor-
enhanced foods would stimulate the limbic system and the
endogenous opioid activity (19,34). The positive effect on
body weight and the increased daily feelings of hunger ob-
served in our study strengthen this possible path and suggest
that the opioid activity arising from the consumption of
more palatable foods may promote nutritional and physio-
logical benefits in elderly persons.
In the present study we were in favor of stimulating both
olfactory and gustative functions. This could be realized by
using flavor enhancers containing MSG. We were con-
fronted by an arguable issue regarding the repeated expo-
sure to flavor enhancers containing about 30% MSG: Be-
cause sodium intake remains a sensible matter in elderly
persons with slower renal function, a possible increase in
daily sodium intake through the use of flavor enhancers rich
in MSG could initially seem to be inadvisable. Considering
a mean daily sodium intake of 9 g in this population (35), an
additional daily dose of about 30 to 45 mg of sodium (i.e.,
3.9 g to 5.4 g for a 16-week period) will most likely have
very little influence on sodium metabolism, renal excretion,
and water retention.
Sensory studies in elderly subjects showed that the con-
centration of MSG needed to influence preference was
lower than the detection threshold in that food (27,36,37).
This finding suggests that the flavor-enhancing effect of
MSG occurs even if its concentration is too low to be de-
tected by the elderly consumer. Furthermore, the sodium
content of MSG is one third that of table salt (NaCl) (38).
From a health point of view, these findings, together with
our results, suggest that the use of flavor enhancers contain-
ing MSG could allow the elderly population to decrease
their sodium intake from table salt while maintaining palat-
ability and, therefore, the hedonic function of foods.
Adding ready-to-use flavor enhancers to the cooked meal
is a simple but effective way to improve daily feelings of
hunger, actual dietary intake, and body weight in a nursing
home population with a stable health status.
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